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Abstract

Background: The current guideline recommends patients who meet high probability criteria for choledocholithiasis
to receive endoscopic retrograde cholangiopancreatography (ERCP). However, adverse events can occur during ERCP.
Our goal is to determine whether endoscopic ultrasound (EUS) before ERCP can avoid unnecessary ERCP complica-
tions, especially in patients with a negative CT scan.

Methods: A total of 604 patients with high probability of choledocholithiasis were screened and 104 patients were
prospectively enrolled. Patients with malignant biliary obstruction, altered Gl anatomy, and choledocholithiasis on

CT scan were excluded. Among them, 44 patients received EUS first, and ERCP if choledocholithiasis present (EUS-
first group). The other 60 patients received ERCP directly (ERCP-first group). The baseline characteristics, presence of
choledocholithiasis, and complications were compared between groups. All patients were followed for 3 months to
determine the difference in recurrent biliary event rate. Cost-effectiveness was compared between the two strategies.

Results: There was no marked difference in age, sex, laboratory data, presenting with pancreatitis, and risk factors for
choledocholithiasis. Overall, 51 patients (49.0%) had choledocholithiasis, which did not justify the risk of direct ERCP.
In the EUS-first group, 27 (61.4%) ERCP procedures were prevented. The overall complication rate was significantly
lower in the EUS-first group compared to the ERCP-fist group (6.8% vs. 21.7%, P=0.04). The number-needed-to-treat
to avoid one unnecessary adverse event was 6.71. After a 3-month follow-up, the cumulative recurrence biliary event
rates were similar (13.6% vs. 15.0%, P=0.803). EUS-first strategy was more cost-effective than the ERCP-first strategy
(mean cost 2322.895 vs. 3175.63S, P=0.002).

Conclusions: In high-probability choledocholithiasis patients with a negative CT, the EUS-first strategy is cost-effec-
tive, which can prevent unnecessary ERCP procedures and their complications.

Keywords: Choledocholithiasis, Endoscopic ultrasound, Computed tomography, Endoscopic retrograde
cholangiopancreatography

Background

Most patients with cholelithiasis suffer from no dis-
comfort and is frequently an incidental finding. Among
patients who develop symptomatic gallstone disease,
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managing patients based on risk stratifications in 2010
[2]. Patients who meet either one of the following con-
dition: total bilirubin>4 mg/dL, total bilirubin 1.8 mg/
dL to 4 mg/dL with>6 mm common bile duct diameter,
ascending cholangitis presented clinically, and choledo-
cholithiasis on the transabdominal ultrasound are cat-
egorized into the high-probability group. This group is
recommended to receive endoscopic retrograde cholan-
giopancreatography (ERCP) directly. ERCP is effective
for removing choledocholithiasis but is highly invasive
with 6.9-12% reported adverse event rate [3, 4]. Some
of these are life-threatening, such as severe pancreatitis,
bleeding, and bowel perforation. Several studies focused
on the predictive value of the criteria had shown a posi-
tive predictive value ranged from 56.3 to 64% in patients
with a high probability of choledocholithiasis [5-7]. It
indicates that patients may receive unnecessary ERCP
and result in adverse events.

Abdominal computed tomography (CT) scan is often
the first diagnostic tool in managing patients suspicious
of choledocholithiasis. It is becoming more frequently
used due to benefits of being fast, convenient, and non-
operator dependent. CT scan can also help to differ-
entiate other etiologies of acute abdomen. However,
choledocholithiasis can be small or radiolucent which
resulted in an unsatisfied diagnostic sensitivity of CT
scan (77.3-85%) [8, 9].

Endoscopic ultrasonography (EUS) and magnetic reso-
nance cholangiopancreatography (MRCP) are excellent
tools with a higher sensitivity (93—95%) for diagnosing
choledocholithiasis and are less invasive in comparison
with ERCP [10]. They had been widely used in patients
with an intermediate probability of choledocholithiasis.
Endoscopists will find EUS to be more sensitive than
MRCP in detecting choledocholithiasis and can be per-
formed prior to ERCP [11, 12]. However, whether EUS is
beneficial to high-probability patients has yet to be widely
studied. We aimed to conduct a prospective cohort study
to analyze if EUS can avoid unnecessary ERCP and its
adverse events in patients with a high probability for
choledocholithiasis but with a negative CT scan.

Methods

Patient enrollment and study design

From January 2018 to August 2019, we prospectively
enrolled patients with gallbladder stones who were clini-
cally suspicious of biliary obstruction and met 2010
ASGE high probability criteria for choledocholithiasis.
All patients received treatment in a tertiary center in
Southern Taiwan with a high annual volume of ERCP
(more than 1000 procedures) and EUS (more than 500
procedures). Abdominal CT scan was performed in
all enrolled patients. We excluded patients with the
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following conditions: malignancy-related bile duct
obstruction, altered upper gastrointestinal tract anatomy,
choledocholithiasis presented on CT scan, unstable vital
signs, and ERCP failure. This study was approved by the
institutional review board of NCKUH (B-BR-106-066).
Written Informed consent was obtained from all partici-
pants before initial procedure by principle investigator
after fully explaining study protocol to them.

Patient allocation and data recording

After enrollment, patients’ initial presentation and symp-
toms, initial laboratory data, and radiological exami-
nation results were recorded. Then they were treated
according to the preference of the doctor in charge. They
could either arrange ERCP directly as suggested by the
guideline, or EUS-first to confirm the presence of chole-
docholithiasis. Initial ERCP and EUS were done within
72 h after enrollment. In patients who received EUS
first, therapeutic ERCP will be done within 24 h if EUS
reported positive for choledocholithiasis. Those without
evidence of stones will receive medical treatment only.
The presence of choledocholithiasis was determined
by ERCP or EUS (If the patient did not receive ERCP).
Patients were admitted to ward and monitored after the
procedures. The presence of choledocholithiasis and
procedure-associated adverse events were triply con-
firmed by another two experienced gastroenterologists in
the same hospital. After discharge, we routinely followed
patients at outpatients department visits or by telephone
interviews for 3 months to see if there is any recurrent
episodes. Recurrent biliary events including biliary colic,
cholecystitis, cholangitis, and biliary pancreatitis were
regarded as recurrence in this study. The total inpatient
claim including medical examination fee, pharmacy
expenses, nursing care fee and general ward fee during
hospital stay was recorded and went into cost analysis.
Optional self paid part was excluded.

ERCP and EUS procedure and the definition of adeverse
events
All ERCP procedures were done by five certified
endoscopists and procedures performed include: cannu-
lation, cholangiography, sphincterotomy or balloon dila-
tion, and stone extraction. EUS procedures were done
by two experienced endosonographers using UCT-260
or UE-260-AL5 echoendoscope adapted to Olympus
EUS ME-1 or ME-2 premium system. The presence of
choledocholithiasis on EUS was defined as reproducible
hyperechoic materials with acoustic shadow in the extra-
hepatic duct.

The definition of post ERCP pancreatitis used in this
study was “new or worsened abdominal pain combined
with >3 times the normal value of amylase or lipase at
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more than 24 h after ERCP and requirement of admis-
sion or prolongation of a planned admission” [13, 14].
Immediate bleeding during ERCP procedure requiring
endoscopic treatment and clinically relevant hematem-
esis and/or melena in any degree up to 14 days after pro-
cedure were defined as post ERCP bleeding [15, 16]. Post
ERCP ascending cholangitis was defined as “new onset
temperature >38 °C for more than 24 h combined with
cholestasis” [17]. Other less frequent adeverse events
were defined according to previous guideline [17].

CT image interpretation

Choledocholithiasis varies in density on CT. The unen-
hanced CT images were interpreted first for detecting
radiopaque materials in the common bile duct. Then,
the contrast-enhancing CT series were viewed to detect
biliary wall thickening which suggested cholangitis and
required a second-look for radiolucent materials inside.
By using this principle, the presence of choledocholithi-
asis on the CT scan was primarily reported by on duty
radiologist and confirmed later by another experienced
radiologist who specializes in abdominal image.

Presentation of choledocholithiasis
We defined the presentation of choledocholithiasis by
ERCP result. Only patients with obvious stone or sludge
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that was recorded on ERCP images and confirmed by
second doctor were defined as CBD stone positive cases.
Patients with a negative ERCP result or revealed no stone
by EUS exam were defined as CBD stone negative cases.

Statistical analysis

All statistical analyses were performed on the SPSS soft-
ware (version 20.0, IBM Corporation, Armonk, NY,
USA). The difference in initial presentations and symp-
toms, initial laboratory data, and enrollment criteria was
analyzed by Student t-test or x° test accordingly. The dif-
ference in adverse event and choledocholithiasis rates
between groups were analyzed by the x> test. The dis-
ease recurrence rate for each group was estimated by the
Kaplan—Meier curve and compared by log-rank test.

Results

The baseline characteristics and laboratory data

of the enrolled patients

A total of 104 patients with gall bladder stones and met
criterias were included (44 received EUS-first and 60
received ERCP-first). The detailed enrollment algorithm
was illustrated in Fig. 1. The baseline characteristics
were listed in Table 1. There was no significant difference
between groups including age, sex, laboratory data such
as AST, ALT, total bilirubin, alkaline phosphatase, and

during 2018/01-2019/08, N=604

Patients with high probability for choledocholithiasis

Malignant biliary obstruction (n=302)

Altered Gl anatomy (n=5)

patients, N=297

High probability for choledocholithiasis, non cancer

Initialabdominal CT scan revealed

choledocholithiasis, (n= 170)

High probability for choledocholithiasis, non cancer
patients with negative CT scan, N=127

|
!

Delayed ERCP (>72 hours) (n=19)

| EUs-first attempt, N=44 | [ ERCP-first attempt, N=64 |

l |

Cannulation failure (n=1)
ERBD only (n=3)

| EUs-first group, N=44 || ERCP-first group, N=60 |

L

Follow-up 3 months

Fig. 1 The flow chart of patient enroliment. The exclusion criteria and case numbers excluded were listed on the side
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Table 1 Baseline characteristics of the enrolled patients
EUS-first ERCP-first P value
(n=44) (n=60)

Age (years) mean£SD 59.04415.82 62.82+19.89 0.30
Sex (male/female) 24/20 37/23 047
AST (U/L) mean=£SD 33448 £274.56 35447 £219.62 0.68
ALT (U/L) mean=£SD 34759+£312.21 397.57+£227.73 0.38
Total bilirubin (mg/dL) mean £ SD 3744234 3624179 0.77
ALK-P (U/L) mean £ SD 207.554169.02 2153549018 0.80
Pancreatitis (yes/no) (14/30) (17/43) 0.70
CBD diameter (mm) (median, IQR) 7.0 (4.25-8.00) 85(7.0-11.0) <0.001
Naive papilla (Yes/No) 44/0 53/7 0.02
Diffcullt cannulation (%) 0.787

Main P duct cannulation 2(11.8) 12 (20)

Cannulation> 10 min 1(5.9) 4(6.7)

> 5 times trial 1(1.7)

P duct injection 2(3.3)

P duct stent (%) 1(5.9) 13(21.7) 0173
Sphincterotomy method <0.001

EST* 15 34

EPBDT 16

Pre-cut or TPS* 10

EUS only 27 0

*EST, endoscopic sphincterotomy
T EPBD, endoscopic papillary balloon dilation

*TPS, trans-pancreatic sphincterotomy

the presence of pancreatitis. However, the CBD diameter
and treated papilla ratio were higher in ERCP first group.

The distribution of ASGE criteria and common risk factors
for choledocholithiasis

The kinds of ASGE high probability criteria met in our
patients were recorded in Table 2. There was no signifi-
cant difference in the presence of each criterion between

Table 2 The risk factors and high probability criteria met in the two groups

EUS-first ERCP-first P value
(n = 44) (n = 60)
Risk factor
4F* scale (0-4) 4/18/7/14/1 3/35/8/11/3 032
Forty (%) 35(79.5) 45 (75.0) 0.59
Fertility (%) 17 (38.6) 19 (31.7) 0.46
Fatty (%) 6(13.6) 9(15.0) 0.85
Female (%) 20 (45.5) 23(383) 047
The high probability criteria met
Total bilirubin>4 (mg/dL) 11 (25.0) 19(31.7) 0.46
Clinical ascending cholangitis 9(20.5) 11 (18.3) 0.79
Choledocholithiasis on ultrasound 1(2.3) 101.7) 0.82
Total bilirubin 1.8-4 (mg/dL)&CBD*>6 mm 28 (63.6) 36 (60.0) 0.71

*4F, forty, fertility, fatty, and female
* CBD, common bile duct
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groups. Table 2 also shows the common risk factors
(forty, fat, fertility, and female) for choledocholithiasis of
the enrolled patients. Again, there was no significant dif-
ference between groups.

The presence of choledocholithiasis and procedure-related
adverse events

Overall, 51 patients (49.0%) had choledocholithiasis,
including 13 patients (29.5%) in the EUS-first group and
38 patients (63.3%) in the ERCP-fist group. In the EUS-
first group, 17 patients underwent ERCP procedure,
and 27 of 44 (61.4%) ERCP procedures were success-
fully avoided. In our cohort, EUS detected all choledo-
cholithiasis, with only 4 false-positive cases proved by
ERCP later. In this study, the EUS-sensitivity and speci-
ficity for choledocholithiasis diagnosis was 100% and
87.1%, respectively. In Table 3, the overall adverse event
rate was lower in the EUS-first group (6.8% versus 21.7%,
P=0.04). Bleeding and ascending cholangitis were the
most common adverse events in this study. The events
presented in the EUS-first group all resulted from the
subsequent ERCP procedures. The numbers-needed-to-
treat to avoid one adverse event was 6.71, which means in
the high-probability choledocholithiasis patients with a
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negative CT scan, every 7 EUS procedures can avoid one
adverse event. The detailed incidence of other adverse
events were listed in Table 3.

The recurrent biliary events within 3 months

During a 3-month follow-up, a total of 15 recurrence epi-
sodes (6 in the EUS-first group and 9 in the ERCP-first
group) were recorded. Among them, 4 episodes (2 in the
EUS-first group and 2 in the ERCP-first group) were asso-
ciated with recurrent choledocholithiasis, 7 patients had
acute cholecystitis, and 4 patients had biliary colic with-
out evidence of choledocholithiasis. The detail diagnosis
of recurrent cases were recorded in Table 3. The 3-month
cumulative recurrence rate was not significantly different
between groups as illustrated in Fig. 2 (P=0.803).

The inpatient days and cost effectiveness analysis

As illustrate in Table 4, patients in the EUS-first group
had similar inpatient days compared with ERCP-first
group (6.00 vs. 6.78, p=0.27). However, the medi-
cal cost (in US dollar) was much lower in the EUS-first
group (mean cost 2322.89% vs. 3175.63$, P=0.002). The
medical cost was even lower in patients who receive
EUS exam only in this clinical scenario (1560.74$). As a

Table 3 The detailed adverse events and recurrent episodes in the two groups

EUS-first ERCP-first P value
(n=44) (n=60)
All events (%) 3(6.8) 13(21.7) 0.04
Pancreatitis
Mild to moderate 123) 101.7)
Severe 0 0
Bleeding
Endoscopic treatment 1(23) 8(13.3)
TAE* or surgical treatment 0 0
Ascending cholangitis
Fever or sepsis 0 3(5.0)
Septic shock 123) 0
Others 0 1701.7)
NNT* for avoiding complications 6.71
Recurrent episode within 3 months
EUS EUS +ERCP ERCP Pvalue
(n:27) (n:17) (n:60)
Total recurrence 2 4 9 0.12
Biliary colic 1 2 1
Cholecystitis 1 0 6
Recurrent CBD stone 0 2 2
Biliary pancreatitis 0 0 0

*TAE, trans-arterial embolization
* Duodenal perforation

* NNT, number needed to treat
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Fig. 2 The disease recurrence rate within 3 months of follow-up. The
dotted line represents the ERCP-first group, and the solid line stands
for the EUS-first group. No obvious difference in the recurrence rate
was observed between the two groups

Table 4 The length of hospital stay and medical cost

EUS-first ERCP-first P value
(n=44) (n=60)
Inpatient days 6.00£3.62 6.78+3.52 0.27
(Mean£SD)
Medical cost*
(Mean=£SD)
Overall 232289+1517.88 317563+£1194.18 0.02
EUS only (n=27) 1560.74 £992.40

EUS+ERCP (n=17) 3533.3541444.49

*In US dollars

result, EUS-first strategy will still be cost-effectiveness in
a population whose choledocholithiasis rate is equal to or
lower than 71.9%.

Discussion

Choledocholithiasis is a common and emergent disease
worldwide. Patients who have choledocholithiasis need
invasive procedures such as therapeutic ERCP or sur-
gery to treat [18]. Several criteria based on biochemical
tests and transabdominal ultrasound had been proposed
to select patients with a high probability of choledocho-
lithiasis [7, 19-22], but the accuracy was unsatisfactory,
ranging from 38.7 to 64%. As a result, invasive ERCP is
unnecessary in some of these patients, which can lead to
unwanted adverse events.

To the best of our knowledge, we are the first to clar-
ify the role of EUS in patients with a high probability
of choledocholithiasis and a negative CT scan. In these
patients, EUS before therapeutic ERCP can prevent
unnecessary ERCP and preventable adverse events. We
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found the positive rate of choledocholithiasis was less
than 50% (only 49.0% in our cohort). According to the
current ASGE guideline, in patients with a probability of
10-50% for choledocholithiasis, a confirmative test (such
as EUS or MRCP) is suggested before ERCP. Similar to
our findings, one previous study also showed EUS-first
strategy can avoid 57.5% ERCP in patients with a high
probability of choledocholithiasis [23]. Our study fur-
ther demonstrated that the EUS-first strategy can sig-
nificantly decrease adverse event rate from 21.7 to 6.8%
(P=0.04). EUS-first policy in these patients not only
reduced adverse events, but was also cost-effectiveness,
especillay in countries where the EUS cost much less
than ERCP. As demonstrated in our cohort, patients who
received EUS plus ERCP had slightly higher cost than
ERCP-first group (3533.35$ vs. 3175.63$). However, the
cost reduction in the EUS-only patients was tremendous
(1560.74% vs. 3175.63%). Taken these factors into consid-
eration, EUS-first strategy will still be cost-effectiveness
in patients with a choledocholithiasis-presenting rate as
high as 71.9%.

We found a lower rate of choledocholithiasis (49.0%)
in the high-probability patients compared to previous
reports (56.3—64%) [5-7]. Take note that if we enrolled
all high-probability patients, up to 74.4% (221/297) of
them may have choledocholithiasis. Since patients with
radiopaque choledocholithiasis was successfully detected
by CT scan and excluded from this study. Less than half
of the remaining high-probability patients had choledo-
cholithiasis; the end does not justify the risk taken for
unnecessary ERCP.

Our study showed the ERCP-first group had a higher
rate of choledocholithiasis than the EUS-first group
(63.3% vs. 29.5%, P=0.001). This may result from the
non-randomized study design and the fact that the
in-charge doctor chose a therapeutic strategy based
on the clinical condition. As illustrated in Table 1,
Patients in EUS-first group had smaller caliber of CBD
which had been reported to associate with choledo-
cholithiasis presentation [24]. In addition, as revealed
in Additional file 1: Table S1, more patients in the
EUS-first group (68.2% vs. 28.3%, P<0.001) received
a second set of biochemistry exams before subsequent
endoscopic procedures, and data improvement was
noted in a high percentage (82.1-89.7%) of the EUS-
fist group. It had been shown that when patients dis-
playing a laboratroy improvement to the level as those
with intermediate- or low-probability, only 34.1% had
choledocholithiasis [7]. Therefore, clinical improve-
ment may indicate a passed gallstone and influenced
the decision making of the in-charge doctor in our
study. Despite a higher choledocholithiasis rate in the
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ERCP-first group compared to the EUS-first group, we
showed a comparable 3-month disease recurrence rate
in both groups.

The cumulative rate of recurrent biliary events
within 3 months seemed high in both groups (13.6%
and 15% separately). However, if we restrict recurrent
episodes to CBD stone recurrence, the recurrent rate
decreased to 4.5% and 3.3%, respectively, which was
lower than previous reports [25]. We also found that
all the CBD stone recurrent episodes happened in the
post-ERCP patients. Since all ERCP procedures were
conducted by highly-experienced endoscopists who
routinely confirmed completion of stone removal by
repeating cholangiogram, we supposed that the recur-
rent episodes was caused by recurrent cholelithiasis
rather than residual stone. To exlude the possibility of
false negative in the EUS-only group, we have followed
patients for 3 months. As a result, there were no CBD
stone recurrence in the EUS-only group. The most
common recurrent episodes in the EUS-only group
were biliary colic, suggesting that even if there is tiny
missed CBD stones on EUS, they would only cause
minor symptoms then passed through spontaneously.
Taken together, these data suggested that the EUS-
first strategy is safer and equally effective in treating
the high-probability choledocholithiasis patients with
a negative CT scan.

The bleeding rate in the ERCP-first group (13.3%)
is higher compared to previous studies (0.3-9.6%)
[17]. The definition for post-ERCP bleeding was not
universal which made the reported incidence of post-
ERCP bleeding varied [16, 26]. Second, the higher
sphincterotomy rate (79.2%), a validated risk factor for
post-ERCP bleeding in our study may also lead to the
higher post-ERCP bleeding rate [27, 28]. Third, our
study population had more naive papilla (70/77, 90.1%)
and difficult cannulation cases (18/77, 23.4%), which
resulted in a higher transpancreatic sphincterotomy/
needle knife sphincterotomy rate (10/77, 13.0%). These
may also contribute to the higher bleeding adverse
events [29, 30].

Several limitations are noted in our study. First, the
observational study design resulted in uneven chole-
docholithiasis rate in the two groups. Therefore, fur-
ther randomized clinical trial is warranted to validate
our findings. Second, the case number is small due
to the strict criteria used for patient enrollment. We
focused on high-probability patients with a negative
CT scan, thus 83% of patients were excluded from the
study. Despite a small case number, we had success-
fully demonstrated a significantly lower adverse event
rate in the EUS-first group.
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Conclusion

In conclusion, we recommend routine use of EUS before
therapeutic ERCP in patients with a high probability of
choledocholithiasis but negative CT scan, especially
when clinically improving. This strategy can reduce
unnecessary ERCP procedures and their adverse events.
EUS prior to ERCP is also cost—benefit in area where EUS
cost much less than ERCP.
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